Size differences of Arctic marine protists between two climate periods - using the paleoecological record to assess the importance of within-species trait variation by Mousing, Erik Askov et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
Size differences of Arctic marine protists between two climate periods - using the
paleoecological record to assess the importance of within-species trait variation









Publisher's PDF, also known as Version of record
Document license:
CC BY
Citation for published version (APA):
Mousing, E. A., Ribeiro, S., Chisholm, C., Kuijpers, A., Moros, M., & Ellegaard, M. (2017). Size differences of
Arctic marine protists between two climate periods - using the paleoecological record to assess the importance
of within-species trait variation. Ecology and Evolution, 7(1), 3-13. https://doi.org/10.1002/ece3.2592
Download date: 03. Feb. 2020
Ecology and Evolution 2017; 7: 3–13	 	 	 | 	3www.ecolevol.org




size–temperature	 relationship	 has	 generally	 been	 tested	 through	 space	 but	 rarely	
through	time.	We	analyzed	the	sedimentary	archive	of	dinoflagellate	cysts	in	a	sedi-
ment	record	taken	from	the	West	Greenland	shelf	and	show	that	mean	cell	size	de-
creased	 at	 both	 intra-	 and	 interspecific	 scales	 in	 a	 period	 of	 relatively	 warm	
temperatures,	 compared	with	 a	 period	 of	 relatively	 cold	 temperatures.	We	 further	
show	that	intraspecific	changes	accounted	for	more	than	70%	of	the	change	in	com-
munity	mean	 size,	whereas	 shifts	 in	 species	 composition	only	 accounted	 for	 about	
30%	of	the	observed	change.	Literature	values	on	size	ranges	and	midpoints	for	indi-
vidual	taxa	were	in	several	cases	not	representative	for	the	measured	sizes,	although	
changes	 in	community	mean	size,	calculated	 from	 literature	values,	did	capture	 the	
direction	of	change.	While	the	results	show	that	intraspecific	variation	is	necessary	to	
accurately	estimate	the	magnitude	of	change	in	protist	community	mean	size,	it	may	
be	 possible	 to	 investigate	 general	 patterns,	 that	 is	 relative	 size	 differences,	 using	
interspecific-	level	estimates.
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1  | INTRODUCTION





Lewis,	 &	 Harding,	 2002;	 Peter	 &	 Sommer,	 2012;	 Yvon-	Durocher,	
Montoya,	 Trimmer,	 &	Woodward,	 2011),	 which	 are	 single-	celled	 eu-
karyotes,	that	form	the	basis	of	aquatic	food	webs.	Future	changes	in	
their	 size	 composition	 potentially	 impacts	 ecosystem	 structure	 and	
functioning	by	affecting	the	subsequent	trophic	layers	and	biogeochem-
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species	 distributions	 (i.e.,	 species	 distribution	 modeling)	 and	 diver-
sity	patterns	 for	many	different	organism	groups	 (e.g.,	Barton,	 Irwin,	
Finkel,	 &	 Stock,	 2016;	 Currie,	 2001;	 Eskildsen	 et	al.,	 2013).	 Even	
though	space-	for-	time	substitution	has	been	shown	to	be	reliable	in	
some	cases	 (e.g.	Blois	et	al.,	2013),	the	predictions	derived	from	the	


























leoecological	 approach	 to	 understand	 the	 effects	 of	 climate	 change	







specific	 size	values,	 changes	 in	 community	 size	 structure	have	 then	
been	calculated	based	on	changes	in	community	taxonomic	composi-
tion	(i.e.,	interspecific	change).











the	 scale	 of	 the	 analysis,	 which	 has	 generally	 been	 tested	 through	
space	but	 not	time.	This	 emphasizes	 the	 importance	of	 considering	
the	implications	of	using	species’	means	as	adequate	descriptors	of	an	
individual’s	trait	expression.
In	 this	study,	we	use	paleoecological	analyses	 to	assess	shifts	 in	
protist	 community	 size	 structure	with	 past	 temperature	 changes	 by	




ice	 stream	 in	 the	 Northern	 Hemisphere	 (Joughin,	 Smith,	 Shean,	 &	
Floricioiu,	2014).	This	region	currently	drains	7%	of	the	Greenland	Ice	
Sheet	 (Roberts	&	Long,	2005),	 contributing	significantly	 to	 sea	 level	
rise	(Howat	et	al.,	2011),	and	is	particularly	sensitive	to	future	warming	
(Nick	et	al.,	2013).
We	 sought	 to	 answer	 the	 questions:	 Are	 protists	 significantly	
smaller	during	a	relatively	warm	period	compared	to	a	relatively	cold	







2.1 | Core collection and dating
The	samples	used	in	this	study	originate	from	a	gravity	sediment	core	
(343310)	 retrieved	 in	 southwest	Disko	Bay,	 a	 large	 embayment	 on	
West	Greenland,	 at	 coordinates	68°38′861″	N	 and	53°49′493″	W	
and	at	855	m	water	depth	(Figure	1)	(Harff	et	al.,	2007;	Perner	et	al.,	




For	 this	 study,	 we	 selected	 core	 age-	depths	 representing	 two	
contrasting	 climate	 periods.	 To	 represent	 a	 relatively	 cold	 period,	
we	 choose	 60–61	cm	 and	 80–81	cm	 core-	depth	 which,	 based	 on	
	radiocarbon	dating,	falls	within	about	1,590–1,710	AD	(the	so-	called	
Little	 Ice	 Age).	 To	 represent	 a	 relatively	 warmer	 period,	 we	 chose	
140–141	cm	 and	 150–151	cm	 core-	depth	which	 falls	within	 about	
1,270–1,460	AD.	These	samples	were	chosen	based	on	the	indepen-
dent	ice-	core	temperature	anomalies	reported	in	Vinther	et	al.	(2010)	
(Figure	2a)	as	well	as	on	 reconstructed	sea	 ice	cover	 trends	 (Ribeiro	
et	al.,	2012).	The	methodology	for	sample	processing	as	well	as	a	pa-
leoclimatic	 interpretation	of	 the	changes	 in	community	composition	
during	the	last	1,500	years,	corresponding	to	the	first	400	cm	of	the	
record,	is	described	in	detail	in	Ribeiro	et	al.	(2012).
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2.2 | Morphometric analyses
After	 treatment	 of	 the	 sediment	 for	 removal	 of	 the	 mineral	 frac-
tion	(following	a	standard	palynological	protocol	with	cold	70%	HCl	
and	 cold	 40%	HF),	 the	 remaining	 organic	 fraction	 between	 10	 and	








In	 this	 study,	we	 analyzed	 the	 size	 distribution	 of	 the	 six	 most	
abundant	 identifiable	 dinoflagellate	 cyst	 species	 in	 the	 sediment	
record	 from	Disko	Bay	 (Figures	2b	 and	3).	Three	 species	 of	 hetero-
trophic	dinoflagellates:	Brigantedinium simplex	 (Figure	3a),	 Islandinium 
minutum	 (Figure	3b)	 and	 Islandinium? cezare	 (Figure	3c);	 and	 three	
species	 of	 phototrophic	 dinoflagellates:	 Pentapharsodinium dalei 
(Figure	3d),	Spiniferites elongatus	 (Figure	3e),	 and	Spiniferites ramosus 
(Figure	3f).	 Altogether,	 these	 six	 species	 accounted	 for	 ca.	 80%	 of	
the	 total	 dinoflagellate	 cyst	 community	 throughout	 the	 record	 and	
	although	29	taxa	were	identified	in	total,	most	were	rare	(Ribeiro	et	al.,	




For	 the	approximately	circular	 species	B. simplex,	 I. minutum,	 and	
P. dalei,	the	diameter	was	measured	directly	when	cysts	were	relatively	
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when	 cysts	were	 compressed.	 For	 the	 small	 species	 I.? cezare,	 cysts	
were	 often	 compressed	 and	 therefore	 the	 cyst	 size	 was	 measured	
consistently	using	the	largest	diameter	measurable.	For	the	Spiniferites 







version	1.1–211	 (VanDerWal,	 Falconi,	Januchowski,	 Shoo,	&	Storlie,	
2014)	and	“weights”	version	0.85	(Pasek	&	Tahk,	2016).	Plotting	was	






































F IGURE  3 Micrographs	of	the	most	abundant	species	in	the	studied	sediment	record:	Brigantedinium simplex	(a),	Islandinium minutum	(b),	




























erature.	For	 the	 total	 community,	we	calculated	 the	weighted	mean	
without	intraspecific	change	(Equation	3)	using	the	literature-	derived	




In	both	periods,	I. minutum,	P. dalei,	and	I.? cezare	were	the	most	domi-
nant	 taxa.	However,	 the	 relative	 abundance	 of	 these	 taxa	 changed	
between	 the	 periods	 with	 a	 relative	 increase	 in	 the	 abundance	 of	
I. minutum	from	about	50%	to	65%,	and	 I.? cezare	from	about	4%	to	
6%	and	a	concomitant	decrease	in	the	relative	abundance	of	P. dalei 
from	about	20%	to	8%,	from	the	warm	to	the	cold	period	(Figure	2b).




Table	1).	For	S. elongatus and S. ramosus,	the	mean	cyst	diameters	were	
smaller	in	the	cold	compared	with	the	warm	period,	but	these	changes	
were	not	 statistically	 significant	 (Figure	5;	Table	1).	Numerically,	 size	
changes	were	relatively	large	(Table	1);	for	example,	for	I. minutum,	the	
mean	shifted	3.88	μm	from	the	warm	to	the	cold	period	(from	34.08	
to	37.96),	which	 in	 linear	dimensions	 is	equivalent	to	an	 increase	of	
ca.	 11.4%.	 Assuming	 the	 cysts	 to	 be	 approximately	 spherical	 (i.e.,	
V = r3	×	π	×	4/3),	the	increase	in	the	diameter	between	the	warm	and	
cold	periods	for	 I. minutum	 is	equivalent	to	an	 increase	 in	mean	vol-
ume	of	ca.	38%.	For	the	species	B. simplex,	I.? cezare,	and	P. dalei,	this	
increase	was	27%,	31%	and	18%,	respectively.
All	species	showed	large	variability	in	cell	diameter	both	in	standard	
deviations	and	 total	 size	 ranges	 (Figure	5;	Table	1).	Using	 I. minutum 
(5)Δx̄intra+inter= x̄ (cold)intra+inter− x̄ (warm)intra+inter















For	B. simplex,	I. minutum,	and	P. dalei,	this	was	also	evident	in	the	total	
size	 range	which	 showed	a	 shift	of	 the	entire	 size	distribution	 from	






Table	1).	This	 size	 change	was	 larger	 than	 the	 change	 in	 any	 of	 the	
individual	 species	 indicating	 that,	 in	 addition	 to	 the	 changes	 in	 size	
within	 species,	 a	 shift	 in	 community	 composition	 also	 contributed	
to	 the	 increase	 in	 the	 community	mean	 between	 the	warm	 period	
and	 the	 cold	period.	However,	 intraspecific	 change	 accounted	 for	 a	
much	larger	fraction	of	the	increase.	Specifically,	interspecific	change	
accounted	 for	 an	 increase	of	 1.22	μm,	whereas	 intraspecific	 change	








tum,	P. dalei,	S. elongatus,	and	S. ramosus),	the	literature	midpoints	re-
sembled	the	average	of	the	measurements	but,	with	the	exception	of	
S. ramosus,	the	range	of	measurements	extended	beyond	the	reported	
literature	 range.	 For	 B. simplex and I.? cezare,	 both	 the	 midpoints	
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same	using	literature	midpoints	as	using	only	interspecific	difference	




4.1 | Were protists significantly smaller in the warm 
period compared to the cold period?
Four	 of	 the	 six	 dinoflagellate	 cyst	 taxa	 studied	were	 smaller	 in	 the	








2010;	 Sommer,	 Peter,	 Genitsaris,	 &	 Moustaka-	Gouni,	 2016).	 Our	
	results	therefore	provide	independent	support	to	studies	which,	based	
on	contemporary	spatial	patterns	of	size	and	temperature,	predict	a	




The	 causal	 mechanisms	 linking	 temperature	 change	 to	 shifts	 in	
protist	cell	size	have	been	widely	discussed	(López-	Urrutia	&	Morán,	
2015;	Marañón,	Cermeño,	Latasa,	&	Tadonléké,	2012;	Sommer	et	al.,	




Warm period Cold period
Mean (μm) SD (μm) SE (μm) n Mean (μm) SD (μm) SE (μm) n
Brigantedinium simplex 47.75 5.75 1.05 30 51.68 7.28 1.33 30
Islandinium minutum 34.08 4.35 0.60 52 37.96 4.34 0.61 51
Islandinium? cezare 24.55 3.39 0.58 34 26.89 5.54 0.75 55
Pentapharsodinium dalei 25.85 3.30 0.44 57 27.31 2.71 0.36 55
Spiniferites elongatus 39.65 4.22 0.81 27 39.17 4.41 0.96 21
Spiniferites ramosus 37.33 3.59 0.82 19 36.84 4.01 0.97 17
Community	(intra+inter) 31.80 5.97 0.40 219 36.24 6.20 0.41 229
Community	(inter) 33.30 6.60 2.69 6a 34.53 6.76 2.76 6a
Community	(inter;	literature) 34.85 5.76 2.35 6a 36.19 4.70 1.92 6a
Species/community Δmean (μm) Δmean (%) df p
Brigantedinium simplex 3.93 8.2 55.1 .024
Islandinium minutum 3.88 11.4 101.0 <.001
Islandinium? cezare 2.34 9.5 87.0 .016
Pentapharsodinium dalei 1.46 5.6 107.3 .012
Spiniferites elongatus −0.48 −1.2 42.2 .709
Spiniferites ramosus −0.49 −1.3 32.4 .703
Community	(intra+inter) 4.44 14.0 446.0 <.001
Community	(inter) 1.22 3.7 9.8 .670


















– – 29–54 42
Islandinium minutum – – 29–45 37
Islandinium? cezare – – 29–45 37
Pentapharsodinium dalei – – 19–36 28
Spiniferites elongatus 
(Gonyaulax elongata)
40–59 26–42 33–51 42
Spiniferites ramosus 
(Gonyaulax spinifera)
30–46 17–43 24–45 35
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indirect	 effect	 of	 temperature,	 because	 temperature	 changes	 affect	









temperature	 itself	 (direct;	 see	Atkinson,	1994;	Atkinson	et	al.,	2003)	
and	 increased	competition	 for	 limiting	nutrients	 in	 the	warm	period	
compared	with	the	cold	period	(indirect;	see	Kiørboe,	1993).
The	 two	 Spiniferites	 taxa	 (S. elongatus and S. ramosus)	 were	 ex-
ceptions	 to	 the	 general	 pattern	 in	 our	 analysis.	Although	 the	 slight	
increases	 in	mean	size	between	warm	and	cold	periods	were	statis-
tically	 not	 significant,	 it	 is	 clear	 that	 S. elongatus and S. ramosus did 
not	decrease	in	size	with	increasing	temperature.	Other	studies	have	
also	 identified	 protists	 with	 apparently	 contrasting	 temperature–
size	 relationships	 although	 the	 general	 trend	 showed	 a	 decrease	 in	




in	 the	physical	properties	of	water	 reported	 for	dinoflagellate	cysts.	
Correlation	 between	 spine	 length	 and	 salinity/density	 has	 been	 re-
ported	 for	 Lingulodinium polyedrum,	 Protoceratium reticulatum,	 and	






between	 cyst	 diameter	 and	 temperature	 can	 potentially	 be	 used	 in	
paleotemperature	reconstructions.







intraspecific	 variability	 in	 cyst	 size	 and	 failing	 to	 include	 this	would	
have	 led	to	a	significant	underestimation	of	the	differences	 in	com-
munity	mean	size	between	the	two	periods.










communities	 and	 found	 that	 about	 30%	 of	 the	 variation	within	 and	


















4.3 | Are literature values of species size adequate 
to describe local size distributions and changes in 
community size?
It	 is	 clear	 from	 our	 study	 that	 collated	 literature	 size	 ranges	 and	
midpoint	 values	 do	 not	 necessarily	 represent	 local	 dinoflagellate	
cyst	sizes.	Thus,	the	size	range	of	five	of	six	species	in	our	study	ex-
tended	 beyond	 the	 reported	 literature	 size	 range	 and	 two	 species	
showed	mean	sizes	that	were	very	different	from	the	literature	mid-
point.	 Islandinium? cezare	represented	the	most	obvious	discrepancy	
with	both	 the	 size	 range	and	midpoint	being	 significantly	 smaller	 in	
this	 study,	when	compared	 to	 literature	values.	A	possible	explana-
tion	for	this	difference	is	that	Islandinium? cezare	is	an	Arctic	species.	
According	to	the	reported	distribution	of	 I.? cezare	cysts	 (Zonneveld	
et	al.,	 2013),	 Disko	 Bay	 is	 located	 at	 the	 warm	 end	 of	 I.? cezare’s	
temperature	range,	and	given	the	temperature–size	rule,	indeed	it	is	
expected	 that	 I.? cezare	would	be	smaller	 in	 this	area	 than	 reported	
literature	values.	While	some	species	showed	a	better	match	between	
measured	and	 literature-	derived	values,	 the	 important	point	here	 is	






but	the	two	other	primary	dominating	species	(I. minutum and P. dalei)	
also	exhibited	 slightly	higher	 literature	midpoints	 compared	with	 the	
measured	mean.	Of	 these,	 I. minutum	 is	 also	 adapted	 to	 cold	waters	
(Head,	Harland,	&	Matthiessen,	2001;	Zonneveld	et	al.,	2013)	and	it	is	














Despite	 these	differences,	 changes	 in	 community	mean	 size	be-
tween	the	warm	and	cold	periods	were	actually	of	very	similar	mag-
nitudes	 when	 interspecific	 changes	 were	 calculated	 from	 literature	
values	and	compared	to	the	interspecific	community	mean	size	based	







importance	 of	 intraspecific	 change	 decreases	 with	 increasing	 scale	
(Siefert	et	al.,	2015).	In	this	context,	even	if	the	magnitude	of	change	
is	 likely	underestimated,	our	 results	 support	 that	 it	may	be	possible	
to	investigate	general	patterns,	that	is,	relative	differences,	in	protist	
community	mean	size	using	interspecific	size	estimates	at	large	spatial	






shown	 that	 even	 a	 small	 amount	of	 intraspecific	variation	 can	have	
a	 large	effect	on	ecosystem	processes	at	 the	community	 level	 (Jung	
et	al.,	2010).	This	could	be	especially	 important	 for	protists	because	
protist	 size	 is	 strongly	 linked	 to	 ecosystems	 functioning	 through	 its	
effects	on	biogeochemical	cycling,	energy	fluxes,	and	export	produc-
tion	(Hilligsøe	et	al.,	2011;	Yvon-	Durocher	&	Allen,	2012).	In	relatively	
small-	scale	 studies,	 for	 example,	 local	 studies	 at	 up	 to	 centennial	












during	 the	period	of	 relatively	warm	 temperatures,	 compared	with	
the	period	of	 relatively	 cold	 temperatures;	 (2)	 changes	 at	 the	 spe-
cies	level	(intraspecific)	were	responsible	for	more	than	70%	of	the	
shift	 in	community	mean	size,	whereas	 species	 shifts	 (interspecific)	
explained	less	than	30%	of	the	observed	change;	(3)	literature	values	
on	size	ranges	and	midpoints	for	individual	taxa	were	in	most	cases	
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